The two-particle contribution to the potential part of the stress tensor autocorrelation function of a dense hard sphere fluid is studied. It is shown that the long-time decay is given as the solution of a diffusion equation for the relative particle in a potential of mean force. The diffusion constant needed in order to accurately reproduce molecular dynamics results is found to be somewhat lower than the self-diffusion constant.
INTRODUCTION
In a recent molecular dynamics study of dense hard sphere fluids Ladd et al. (1'2~ found that the pair contribution to the potential part of the transverse stress tensor autocorrelation function is described by a stretched exponential, only for very long times they observed a transition to the algebraic t -7/2 long-time tail that is given by hydrodynamic mode coupling theory. A different time behavior is given by molecular scale mode coupling theories. In recent years a number of mode coupling calculations have appeared for the full stress tensor autocorrelation function (3-5) which yield results in the right order of magnitude. The present work is based on these ideas, but the analysis is carried through much further by including recollisions as well as static correlations. We will show below that a calculation analogous to ref. 4, as performed by Kirkpatrick, (6) gives only a semiquantitative agreement with simulations. The simulations can, however, success-Institute for Theoretical Physics, University of Utrecht, 3508 TA Utrecht, The Netherlands. fully be understood in terms of a diffusion model, where the interaction between the particle pair is described by a potential of mean force.
For a system of N hard spheres with diameter a and mass m confined in a box with volume V the potential part of the stress tensor is given by (t)) is a four-particle correlation function. It can be decomposed into two-, three-, and four-particle contributions. The two-particle contribution is the simplest one to study, and here we restrict ourselves to this contribution only. Define the normalized two-particle correlation function as ~te Jxy(o) J~y(t)
where t e is the (Enskog) mean free time and r/o is the Enskog shear viscosity. (7) For long times the velocity dependence of Jx p has been shown to be immaterial, (1) so we may equally well consider the following microscopic densities: Keeping in mind that the average over the Maxwell distribution of (v0. fo)2 0(_vu.fij) is 1~tim, and that the average of (v/j-f~)0(-vii"fu) is 1/(nflm) l/z, we define the corresponding two-particle correlation functions P(K)(t)= Vq~ i
